DIVERSITY RECEPTION METHOD AND DIVERSITY RECEIVER 

BACKGROUND OF THE INVENTION 
[0001] 1 . Field of the Invention 

[0002] The present invention relates to an art of simply approximating a frequency 
correlation bandwidth, and a diversity reception method and diversity receiver for 
receiving a multi-carrier system-based signal and alleviating the influence of frequency 
selection-caused phasing using sub-band decomposition antenna diversity in order to 
provide improved communication performance. 
[0003] 2. Description of the Related Art 

[0004] In nowadays high-speed transmission of information, attention has been 
focused on a multi-carrier system operable to carry the information at high speeds. The 
multi-carrier system divides the information into several sub-carriers, and transmits the 
sub-carriers in parallel therewith on a frequency axis. As a result, the multi-carrier 
system provides the high-speed transmission of information. At the same time, the 
high-speed information transmission requires a broad frequency bandwidth. 
[0005] A multi-path causing circumstance brings about phasing that is responsible for 
degradation in communication quality. 

[0006] In particular, a broadband multi-carrier system suffers from the influence of 
frequency selection-caused phasing that extremely reduces several reception levels 
within a frequency bandwidth. 

[0007] In order to overcome such a problem, it has heretofore been proposed to use 
one diversity receiver (Example No. 1) as illustrated in Fig. 14 and another (Example 
No. 2) as illustrated in Fig. 15. The former diversity receiver employs per sub-carrier 
diversity, while the latter diversity receiver uses sub-band decomposition diversity. 
[0008] The per sub-carrier diversity in Example No. 1 compares reception levels of 
received signals with each other for each sub-carrier, thereby practicing diversity. 
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decomposing units 10, 11. respectively. We sob-band decomposing units 10, 11 divide 
frequency regions into sub-bands to accordance with a predetermined sub-band 
decomposition width. 

[0018] A reception level-comparing unit 8 compares reception levels detected by 
level-detecting units 6, 7 with one another for each of the sub-bands. 
[0019] The sub-band decomposition width employed by the sub-band decomposition 
diversity must be a width having an increased frequency correlation in order to provide 
sufficient diversity effectiveness. A frequency correlation bandwidth is one of 
parameters to show such an increased frequency correlation width. The frequency 
correlation bandwidth is a frequency width equal or greater than frequency correlation 
"0.5". 

[0020] The frequency correlation bandwidth has heretofore been determined using two 
different methods. More specifically, it can be determined from delay spread, and 
alternatively, it can be calculated by a frequency correlation directly determined for 
each frequency. 

[0021] In order to determine the frequency correlation bandwidth from the delay 
spread, a delay profile is initially determined. The delay spread is determined from the 
initial determination results in accordance with a formula given below. The delay 
profile is determined from two different methods. More specifically, a delay profile as 
illustrated in Fig. 16 (b) is determined using an impulse response as illustrated in Fig. 

16 (a). Alternatively, a reception spectrum (a received signal having a frequency swept 
by a transmitter when the signal is transmitted from the transmitter) as illustrated in Fig. 

17 (a) is transformed into a delay profile in accordance with Fourier transform. 
[0022] [FORMULA 1] 

[0023] When the delay profile is shaped as an ordinary exponential function as 
illustrated in Fig. 18, then the frequency correlation bandwidth can be determined in 
accordance with the foUowing formula: 
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[0024] [FORMULA 2] 

[0025] In order to calculate the frequency correlation bandwidth in accordance with a 
frequency correlation directly determined on a frequency-by-frequency basis, an 
intensity waveform of a received signal is measured as illustrated in Fig. 19, thereby 
determining a reference frequency and a correlation coefficient for each of the 
frequencies. As illustrated in Fig. 20, a frequency width having correlation coefficient 
"0.5" is determined as a correlation bandwidth. 

[0026] However, examples Nos. 1 and 2 as discussed above have problems as given 
below. 

[0027] Example No. 1 compares the reception levels with each other for each of the 
sub-carriers, and consequently provides high-operative diversity. At the same time, the 
comparison must be made for all of the sub-carriers. This disadvantage results in a 
huge amount of calculation and thus increased loads on system resources. 
[0028] Example No. 2 divides a frequency band into several sub-bands, in which each 
of the sub-bands includes several sub-carriers. This means that several sub-carriers can 
be united together to practice the diversity. As a result, Example No. 2 is smaller in 
calculation amount than Example No. 1. 

[0029] However, a non-high frequency correlation within the sub-band decomposition 
width reduces the effectiveness of the diversity. Accordingly, in order to retain 
increased effectiveness of the diversity in a state of a reduced calculation amount, the 
signal must be divided into sub-bands in accordance with a width having an increased 
frequency correlation. 

[0030] The width having such an increased frequency correlation can be determined in 
accordance with the frequency correlation bandwidth. As discussed above, the 
frequency correlation bandwidth is determined either from the delay profile or from the 
frequency correlation directly determined for each frequency. 

[0031] In determining the frequency correlation bandwidth from the delay profile, the 
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impulse response must be measured to calculate the delay profile, or otherwise the 
reception spectrum in receipt of a transmitted and swept signal must be measured to 
transform results from the measurement into the delay profile in accordance with 
Fourier transform. Moreover, the delay spread must be determined from the delay 
profile to determine the frequency correlation bandwidth from the former 
determination results. These steps require a complicated receiver structure, with the 
result of an enormous amount of calculation. This is difficult to achieve. 
[0032] In determining the frequency correlation bandwidth from the frequency 
correlation directly determined for each of the frequencies, distribution defined by 
received signal intensity and reception locations must be determined. This means that 
the diversity receiver must be moved. This is an impractical manner. 
OBJECTS AND SUMMARY OF THE INVENTION 

[0033] In view of the above, an object of the present invention is to provide an art of 
determining a frequency correlation bandwidth in an easier and more practical manner 
using the frequency correlation bandwidth as a frequency width having an increased 
frequency correlation, without determining a delay profile from an impulse response 
and without transforming frequency distribution in receipt of a transmitted and swept 
frequency into the delay profile in accordance with Fourier transform. 
[0034] A first aspect of the present invention provides a diversity reception method 
comprising: deterniining a frequency correlation bandwidth in accordance with 
reception level frequency distribution. 

[0035] This method eliminates Fourier transform in contrast with a method for 
determining a frequency correlation bandwidth from the delay profile. This feature 
provides a considerably reduced amount of calculation required to determine the 
frequency correlation bandwidth. 

[0036] In addition, the above method eliminates the movement of a diversity receiver 
in contrast with a method for directly determining a frequency correlation for each 
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frequency. This feature provides high feasibility. 

[0037] Furthermore, the Inventors study reveals that the frequency correlation 
bandwidth determined with ease as previously described is sufficient in precision. 
[0038] In short, the diversity reception method according to the first aspect of the 
present invention makes it feasible to determine the frequency correlation bandwidth 
having sufficient precision through a less amount of calculation. 

[0039] A second aspect of the present invention provides a diversity reception method 
comprising: receiving a multi-carrier system-based signal; dividing a frequency region 
into sub-bands in accordance with a frequency correlation bandwidth; comparing 
reception levels at antennas with each other for each of the sub-bands; selecting one of 
the antennas, which has a greater reception level than the other reception levels; and 
practicing diversity, wherein a training mode period is provided at the time of reception 
start to determine the frequency correlation bandwidth, and the signal is received after 
the training mode period in accordance with the frequency correlation bandwidth 
determined during the training mode period. 

[0040] This method determines the frequency correlation bandwidth during the 
training mode period, and consequently retains diversity effectiveness, even after the 
training mode period. In addition, the above method is possible to process several 
sub-carriers in a body in accordance with the frequency correlation bandwidth after the 
training mode period. This feature considerably reduces the entire calculation amount. 
[0041] A third aspect of the present invention provides a diversity reception method as 
defined in the second aspect of the present invention, wherein the frequency 
correlation bandwidth is a frequency width having a 0.5 or greater correlation 
coefficient. 

[0042] This method allows a sub-band decomposition width to always provide a 
frequency correlation bandwidth having an increased frequency correlation. This 
feature maintains diversity effectiveness. 
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[0043] A fourth aspect of the present invention provides a diversity reception method 
as defined in the second aspect of the present invention, wherein the frequency 
correlation bandwidth is determined in accordance with intervals between peaks and/or 
between dips in reception level frequency distribution. 

[0044] A fifth aspect of the present invention provides a diversity reception method as 
defined in the second aspect of the present invention, wherein the frequency 
correlation bandwidth is a half of each interval between peaks and/or between dips in 
reception level frequency distribution. 

[0045] A sixth aspect of the present invention provides a diversity reception method as 
defined in the second aspect of the present invention, wherein the frequency 
correlation bandwidth is determined in accordance with intervals between intersections 
where reception level frequency distribution intersects a reception level threshold. 
[0046] A seventh aspect of the present invention provides a diversity reception method 
as defined in the second aspect of the present invention, wherein the frequency 
correlation bandwidth is an either average or mean value of intervals between 
intersections where reception level frequency distribution intersects a reception level 
threshold. 

[0047] The methods as previously discussed precisely approximate the frequency 
correlation bandwidth without diversity receiver movement and complicated, huge 
calculation. This feature provides sufficient diversity effectiveness in view of practical 
use. 

[0048] An eight aspect of the present invention provides a diversity reception method 
as defined in the sixth aspect of the present invention, wherein the threshold is 
determined in accordance with a combination of one element or two or greater 
elements selected from among reception level average, mean, maximum or minimum 
values of all sub-carriers that form the signal. 

[0049] This method appropriately establishes the threshold in accordance with an 
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actual reception state. 

[0050] The above, and other objects, features and advantages of the present invention 
will become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] Fig. 1 is a block diagram illustrating a diversity receiver according to a first 
embodiment of the present invention; 

[0052] Fig. 2 is a descriptive illustration showing how a frequency correlation 
bandwidth is approximated according to the first embodiment; 

[0053] Fig. 3 is a descriptive illustrating showing how the diversity receiver is operated 

during a training mode period according to the first embodiment; 

[0054] Fig. 4 is a descriptive illustrating showing how the diversity receiver is operated 

after the training mode period according to the first embodiment; 

[0055] Fig. 5 is a graph illustrating time-based variations in calculation amount of the 

diversity receiver according to the first embodiment; 

[0056] Fig. 6 is an illustration showing an example of reception level frequency 
distribution according to the first embodiment; 

[0057] Fig. 7 is a block diagram illustrating a diversity receiver according to a second 
embodiment; 

[0058] Fig. 8 is a descriptive illustration showing how a frequency correlation 
bandwidth is approximated according the second embodiment; 

[0059] Fig. 9 is a descriptive illustrating showing how the diversity receiver is operated 
during a training mode period according to the second embodiment; 
[0060] Fig. 10 is an illustration showing an example of reception level frequency 
distribution according to the second embodiment; 

[0061] Fig. 11 is a block diagram illustrating a diversity receiver according to a third 
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embodiment; 

[0062] Fig. 12 is a descriptive illustration showing how a frequency correlation 
bandwidth is approximated according the third embodiment; 

[0063] Fig. 13 is a descriptive illustrating showing how the diversity receiver is 

operated during a training mode period according to the third embodiment; 

[0064] Fig. 14 is a block diagram illustrating a prior art diversity receiver as a first 

example; 

[0065] Fig. 15 is a block diagram illustrating a prior art diversity receiver as a second 
example; 

[0066] Fig. 16 (a) is a graph illustrating an input impulse as a study case; 

[0067] Fig. 16 (b) is an illustration showing an example of a delay profile as a study 

case; 

[0068] Fig. 17 (a) is an illustration showing an example of results from measurement 
as a study case; 

[0069] Fig. 17 (b) is an illustration showing an example of a delay profile as a study 
case; 

[0070] Fig. 18 is an illustration showing an example of a delay profile as a study case; 
[0071] Fig. 19 is an illustration showing an example of reception level positional 
distribution; and 

[0072] Fig. 20 is a graph illustrating a relationship between a correlation coefficient 
and a frequency interval as a study case. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0073] Embodiments of the present invention are described with reference to the 

accompanying drawings. 

[0074] (First embodiment) 

[0075] During a training mode period, a first embodiment includes the steps of 
transforming a signal received by an antenna into a frequency region, determining 
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intervals between frequency selection-caused phasing dip points (dips), approximating 
a frequency correlation bandwidth in accordance with the determined interval values, 
and deteiroining a sub-band decomposition width. 

[0076] After the training mode period, the first embodiment includes the steps of 
dividing a multi-carrier frequency band into sub-bands in accordance with the 
determined sub-band decomposition width, and practicing diversity for each of the 
sub-bands. 

[0077] Fig. 1 is a block diagram illustrating a diversity receiver according to the first 
embodiment. Fig. 2 is a descriptive illustration showing how the frequency correlation 
bandwidth is approximated. 

[0078] In Fig. 1, the same reference characters are provided for components similar to 
those used in the prior art, and descriptions related thereto are omitted. 
[0079] In Fig. 1, an interval-calculating unit 22 in receipt of detection results from a 
level-detecting unit 6 determines reception level frequency distribution as illustrated in 
Fig. 2. 

[0080] The interval-calculating unit 22 calculates intervals between reception level 
dips (phasing dips) in the distribution. In Fig. 2, the interval-calculating unit 22 
determines spacing "LI" between dips "PI" and "P2". 

[0081] A frequency correlation bandwidth-calculating unit 23 determines a sub-band 
decomposition width in accordance with information that derives from reception levels 
detected by the level-detecting units 6, 7. 

[0082] More specifically, the frequency correlation bandwidth-calculating unit 23 in 
receipt of the dip intervals (spacing "LI" in Fig. 2) from the interval-calculating unit 
22 approximates spacing "Dl" as a frequency correlation bandwidth. Spacing "Dl" is a 
positive value equal or smaller than a half of spacing "LI". 

[0083] The following discusses the reason why the frequency correlation bandwidth is 
defined as the positive value equal or smaller than a half of each of the dip intervals. 
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When a signal having a waveform as illustrated in Fig. 6 is received, then a frequency 
correlation bandwidth calculated from a delay profile is some 13 MHz. The above 
system according to the present embodiment determines a half of each mean value of 
the intervals between the dips, thereby providing 12.7 MHz, which is substantially 
equal to the frequency correlation bandwidth determined from the delay profile. 
[0084] The following discusses, with reference to Fig. 2, how the diversity receiver 
according to the present embodiment is operated during the training mode period. 
[0085] The antennas 1, 2 receive signals. The time-frequency transforming unit 3, 4 
demodulate the secondary modulation of the received signals, thereby transforming the 
signals into frequency regions. 

[0086] The level-detecting unit 6 detects a reception level for each sub-carrier, and 
then feeds results from the detection into the interval-calculating unit 22. As illustrated 
in Fig. 3, "n"- number of sub-carriers is present. 

[0087] The interval-calculating unit 22 determines the intervals between the dips, as 
previously discussed, and then feeds the determined intervals into the frequency 
correlation bandwidth-calculating unit 23. 

[0088] The frequency correlation bandwidth-calculating unit 23 multiplies each of the 
entered dip intervals by a positive coefficient equal or smaller than a half, thereby 
determining a frequency correlation bandwidth as a sub-band decomposition width. 
The determined frequency correlation bandwidth is sent to sub-band decomposing 
units 20,21. 

[0089] In this way, the present embodiment allows simple calculation to precisely 
approximate the frequency correlation bandwidth. In addition, the present embodiment 
determines the sub-band decomposition width having an increased frequency 
correlation and reflecting an actual reception state. Pursuant to the present embodiment, 
the sub-band decomposition width is set to be equal to the frequency correlation 
bandwidth; however, the present embodiment is not limited thereto. 
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[0090] The above description refers to only the reception level dips. Alternatively, 
peaks may be used. 

[0091] The following discusses, with reference to Fig. 4, how the diversity receiver 
according to the present embodiment is operated after the training mode period. 
[0092] The antennas 1, 2 receive signals. The time-frequency transforming unit 3, 4 
demodulate the secondary modulation of the received signals, thereby transforming the 
signals into frequency regions. 

[0093] The sub-band decomposing units 20, 21 output and collect the output from the 
time-frequency transforming units 3, 4 for each sub-band. At this time, the sub-band 
decomposing units 20, 21 use the sub-band decomposition widths that are set up during 
the training mode period, as described above. 

[0094] The level-detecting units 6, 7 detect a reception level for each of the sub-bands, 
and then feeds results from the detection into the reception level-comparing unit 8. The 
reception level-comparing unit 8 determines a line of an antenna having a greater 
reception level (a line of the antenna either 1 or 2 according to the present 
embodiment) for each of the sub-bands. The reception level-comparing unit 8 instructs 
the selecting unit 5 to select the determined line. As a result, a signal related to an 
antenna having a higher reception level for each of the sub-bands is fed into the 
demodulating unit 9, thereby demodulating the signal. 

[0095] Each of the sub-bands has several sub-carriers collected therein. As illustrated 
in Fig. 4, "m"- number of sub-bands is present, in which "m" is smaller than M n" (m<n). 
Accordingly, the reception level-detecting unit 8 is only required to compare the 
"m"-number of sub-bands with each other, in which number V is considerably 
smaller than number "n". The step of dividing the sub-carriers in accordance with the 
sub-bands provides a considerably reduced amount of calculation, when compared 
with comparison processing for each of the sub-carriers. 

[0096] In addition, high correlation within the sub-bands is maintained while the 
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calculation amount is reduced. As a result, sufficient diversity effectiveness is 
achievable. 

[0097] Fig. 5 is a graph illustrating time-based variations of the calculation amount 
provided by the diversity receiver according to the present embodiment. In Fig. 5, a 
solid line shows an amount of calculation made by the diversity receiver according to 
the present embodiment, while a dotted line illustrates an amount of calculation 
according to the diversity practiced for each of the sub-carriers. 

[0098] As seen from Fig. 5, during the training mode period between time "tO" to "tl", 
the amount of calculation made by the diversity receiver according to the present 
embodiment exceeds that according to the per sub-carrier diversity. However, this is 
not a long period. 

[0099] After the training mode period, the diversity receiver according to the present 
embodiment starts processing on a per sub-band basis, and consequently provides a 
reduced amount of calculation per unit of time. At turnout point time "t2 M , the 
calculation amount according to the present embodiment intersects the calculation 
amount according to the diversity practiced for each of the sub-carriers. Thereafter, 
communication becomes active. It is understood that during such a period of active 
communication, the amount of calculation made by the diversity receiver according to 
the present embodiment remains smaller than that according to the diversity practiced 
for each of the sub-carriers. 
[0100] (Second embodiment) 

[0101] A second embodiment includes the steps of transforming a signal received by 
an antenna into a frequency region, comparing a result from the transformation with a 
threshold to determine whether or not the result is greater than the threshold, 
determining a frequency interval greater than the threshold, approximating a frequency 
correlation bandwidth in accordance with the determined frequency interval value, and 
determining a sub-band decomposition width. The following discusses only differences 
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between the present embodiment and the previous embodiment. 
[0102] Fig. 7 is a block diagram illustrating a diversity receiver according to the 
present embodiment. Fig. 8 is a descriptive illustration showing how the frequency 
correlation bandwidth is approximated. 

[0103] In Fig. 7, the same reference characters are given for components similar to 

those described in Fig. 1; therefore, descriptions related thereto are omitted. 

[0104] In Fig. 7, a threshold-comparing unit 24 calculates intervals between 

intersections where reception level frequency distribution intersects a reception level 

threshold. 

[0105] The threshold is determined in accordance with a combination of one element 
or two or greater elements selected from among reception level average, mean, 
maximum, or minimum values for all sub-carriers. 

[0106] The threshold-comparing unit 24 in receipt of detection results from the 
level-detecting unit 6 determines the reception level frequency distribution as 
illustrated in Fig. 8. 

[0107] The threshold-comparing unit 24 calculates the intervals between the 
intersections as previously discussed. In Fig. 8, spacing "L2" between intersections 
"P3" and "P4" and spacing "L3" between intersections "P4" and "P5" are determined. 
[0108] A frequency correlation bandwidth-calculating unit 25 determines a sub-band 
decomposition width in accordance with the intersectional intervals calculated by the 
threshold-comparing unit 24. 

[0109] More specifically, the frequency correlation bandwidth-calculating unit 25 
approximates interval "D2" as a frequency correlation bandwidth. Interval "D2" is a 
positive value equal or smaller than frequency interval "L3" that exceeds a threshold. 
[0110] The following discusses the reason why the frequency correlation bandwidth is 
set to be a positive value equal or smaller than interval "D2". When a signal having a 
waveform as illustrated in Fig. 10 is received, then a frequency correlation bandwidth 
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calculated from a delay profile is some 10 MHz. The above system according to the 
present embodiment calculates a mean value of each of the intervals between the 
intersections where the reception level frequency distribution intersects the reception 
level threshold (mean value), thereby providing some 9.5 MHz, which is substantially 
equal to the frequency correlation bandwidth determined from the delay profile. 
[0111] The following discusses, with reference to Fig. 9, how the diversity receiver 
according to the present embodiment is operated during the training mode period. 
[0112] Antennas 1, 2 receive signals. A time-frequency transforming unit 3, 4 
demodulates the secondary modulation of the received signals, thereby transforming 
the signals into frequency regions. 

[0113] The level-detecting unit 6 detects a reception level for each sub-carrier, and then 
feeds results from the detection into the threshold-comparing unit 24. As illustrated in 
Fig. 9, "n"- number of sub-carriers is present. 

[0114] The threshold-comparing unit 24 determines interval "L3" between the 
intersections as previously discussed, and then feeds the determined interval "L3" into 
the frequency correlation bandwidth-calculating unit 25. 

[0115] The frequency correlation bandwidth-calculating unit 25 multiplies the entered 
interval "L3" by a positive coefficient equal or smaller than "1", thereby determining a 
frequency correlation bandwidth as a sub-band decomposition width. The determined 
frequency correlation bandwidth is sent to sub-band decomposing units 20, 21. 
[0116] In conclusion, the present embodiment allows simple calculation to 
approximate the frequency correlation bandwidth. In addition, the present embodiment 
determines the sub-band decomposition width having an increased frequency 
correlation and reflecting an actual reception status. 

[0117] Descriptions related to a post-training mode period are omitted because the 
descriptions are similar to those according to the previous embodiment. 
[0118] (Third embodiment) 
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[0119] A third embodiment includes the steps of transforming signals received by 
several antennas into frequency regions, comparing reception levels at the antennas 
with each other to determine whether or not one of the reception levels is greater than 
the others, determining one frequency width in which the reception level at one of the 
antennas is increased, and another frequency width in which the reception level at one 
of the antenna is decreased, calculating a width having an increased frequency 
correlation in accordance with the determined frequency width value, and detennining 
a sub-band decomposition width. The following discusses only differences between the 
first embodiment and the present embodiment. 

[0120] Fig. 11 is a block diagram illustrating a diversity receiver according to the 
present embodiment. Fig. 12 is a descriptive illustration showing how the sub-band 
decomposition width is set up. 

[0121] In Fig. 11, the same reference characters are given for components similar to 

those designated in Fig. 1; therefore, descriptions related thereto are omitted. 

[0122] hi Fig. 11, a level-comparing unit 27 calculates intervals between intersections 

along reception level frequency distribution for the antennas 1, 2. 

[0123] A sub-band decomposition width-calculating unit 26 determines a sub-band 

decomposition width in accordance with the intersectional intervals calculated by the 

level-comparing unit 27. 

[0124] The level-comparing unit 27 in receipt of detection results from level-detecting 
units 6, 7 determine the reception level frequency distribution as illustrated in Fig. 10. 
[0125] The level-comparing unit 27 calculates the intervals between the intersections at 
several reception levels in the distribution. In Fig. 12, interval "L4" between 
intersections "L7" and "L8", and interval "L5" between intersections "P8" and "P9" are 
determined. 

[0126] A sub-band decomposition width-calculating unit 26 determines a sub-band 
decomposition width in accordance with intervals "L4" and "L5" calculated by the 
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level-comparing unit 27. 

[0127] More specifically, the sub-band decomposition width-calculating unit 26 
calculates a positive spacing equal or smaller than a half of, e.g., interval "L4" as 
sub-band decomposition width "D3". 

[0128] The following discusses the reason why sub-band decomposition width "D3" is 
set to be a positive spacing equal or smaller than a half of interval "L4". As illustrated 
in Fig. 12, when the reception level at each of the antennas is an ideal frequency 
selection-caused phasing of a two-wave interference, and when one of the antennas 
complements a reduction in reception level at the other antennas, then a frequency 
correlation coefficient is "0.5" or greater in the range in which sub-band decomposition 
width "D3" is a positive spacing equal or smaller than a half of interval "L4". 
[0129] The following discusses, with reference to Fig. 13, how the diversity receiver 
according to the present embodiment is operated during a training mode period. 
[0130] The antennas 1, 2 receive signals. A time-frequency transforming units 3, 4 
demodulate the secondary modulation of the received signals, thereby transforming the 
signals into frequency regions. 

[0131] The level-detecting units 6, 7detect reception levels at the antennas 1, 2 for each 
sub-carrier, and then feeds results from the detection into the level-comparing unit 27. 
In Fig. 13, number "n" of sub-carriers is present. 

[0132] The level-comparing unit 27 determines interval "L4" between the intersections 
as previously discussed, and then feeds the determined interval "L4" into the sub-band 
decomposition width-calculating unit 26. 

[0133] The sub-band decomposition width-calculating unit 26 multiplies the entered 
interval "L4" by a positive coefficient equal or smaller a quarter, thereby determining a 
sub-band decomposition width. The determined sub-band decomposition width is fed 
into sub-band decomposing units 20, 21. 

[0134] In this way, the present embodiment allows simple calculation to approximate 
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the frequency correlation bandwidth. In addition, the present embodiment determines 
the sub-band decomposition width having an increased frequency correlation and 
reflecting an actual reception status. 

[0135] Descriptions related to a post-training mode period are omitted because the 
descriptions are similar to those according to the first embodiment. 
[0136] hi conclusion, the present invention provides beneficial effects given below. 
Initially, the frequency correlation bandwidth can simply be determined with a less 
amount of calculation than a prior art calculation amount; while the precision of the 
determined frequency correlation bandwidth is substantially equivalent to prior art 
precision. Furthermore, the determined frequency correlation bandwidth is used to 
determine a sub-band decomposition width of multi-carrier system sub-band 
decomposition diversity. This step provides diversity effectiveness substantially 
equivalent to that obtained by the diversity being practiced for each sub-carrier. 
[0137] The calculation to determine the sub-band decomposition width is limited to the 
training mode period. As a result, when a turnout point time passes, then an amount of 
calculation is reduced than that necessary to conduct the diversity for each of the 
sub-carriers. 

[0138] Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected 
therein by one skilled in the art without departing from the scope or spirit of the 
invention as defined in the appended claims. 
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